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Experimental set-up 
Summary & Conclusions 
 
• We have provided direct accurate wavenumber measurements of 19 vibration-rotation lines of 
36ArH+ and 38ArH+ measured in Ar natural isotopic abundance. Of those, only 6 had been reported 
before, and with much larger uncertainty.  
• The new wavenumbers have improved the Dunham-type fit to all published rotation and vib-
rotation data for all isotopologues of ArH+, allowing more accurate predictions of other transitions 
for any of them. These data should help in future searches of 38ArH+ and 36ArH+ in space. 
• The range of predominance of ArH+ in Ar + H2 plasmas at the pressures considered in this work 
is limited to very low H2 fractions because this ion is very efficiently destroyed in collisions with H2.  
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• Molecules containing noble gases had not been observed in space until the recent identification (from spectra of the Herschel space observatory) of 36ArH+ in 
the Crab Nebula [1] and the diffuse interstellar medium (ISM) [2]. Space platforms are the only suitable ones to observe pure rotational lines of 36ArH+ in space, 
since atmospheric transmission is very low at the required frequencies (R(0) and R(1) lie at 617.5 and 1234.6 GHz). After the recent end of the Herschel 
mission, the ArH+ isotopologues will need to be observed through their ro-vibrational transitions from Earth in absorption against bright background mid-infrared 
sources.  
• The abundances in the ISM of 38Ar, 36Ar and 40Ar are 15.0 / 85.0 / 0.0 %, whereas on Earth they are 0.06 / 0.34 / 99.6 %. Consequently, most laboratory 
studies of ArH+ have focused on 40ArH+, and little information is available for 36ArH+ and  38ArH+ (only six and two lines, respectively, have been measured [3]). 
• In this work, the accurate experimental wavenumbers of 19 lines of the v = 1–0 band of 36ArH+ and 38ArH+ in the range 4.1–3.7 μm (2450–2715 cm−1) are 
reported. Ions were generated in a low pressure hollow cathode discharge with Ar in its natural isotopic composition, and the high resolution IR absorption 
spectra were measured with a difference frequency laser spectrometer. H2 ejected from the cathode with discharge on was enough for ArH
+ production. These 
new wavenumbers have improved the Dunham-type global fit of all published laboratory data (IR and sub-mm) of all isotopologues [4]. 
• The ion-molecule kinetics of cold plasmas of Ar/H2 has been also investigated in glow discharges at 8 Pa and H2 fractions from 0 to 100% [5]. Ion 
concentrations were determined by mass spectrometry, and electron temperatures and densities were measured with Langmuir probes. We have used a kinetic 
model to analyze the observed ion distributions [6] in order to identify the main sources and sinks of the major plasma ions (Ar+, ArH+ and H3
+).  
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Fig.3 40ArH+ lines  
Table 1 36ArH+ and 38ArH+ observed 
line centers, 1 uncertainties and 
spectroscopic constants of 36ArH+ 
Ion kinetics in Ar/H2 plasmas 
940  
2300-4500 cm-1 
∼3 MHz, ∼5 μW 
  
 < 1 MHz 
• White-cell (22.4 m) 
• 40 Pa Ar and no H2 
• 375 mA rms, 250 V rms 
  
Autobalanced subtractive 
amplifier (Lindsay, 2001) 
  
F1=3.09 kHz 
F2=23.19 kHz 
F3=26.28 kHz 
Fig.1 Experimental system 
• The R(6) line of the 40ArH+ v=1-0 
band at 2711.4029 cm-1 was used 
as reference to optimize operating 
conditions and check the 
repeatability of the experiment. 
• S/N 1100 (1 scan, 30ms τc) in 
R(6) v=1-0 
 
• Relative densities of Ar+, ArH+ and 
H3
+ varied markedly with the 
H2/Ar+H2 ratio: at 8 Pa, ArH
+ only 
dominates for H2/Ar+H2 <0.04. 
 
• Main ArH+ production mechanisms 
 
 Ar + e-     →  Ar + + 2e- 
 Ar+ + H2 →  ArH
+ + H  
 Ar + H3
+ →  ArH+ + H2    
 
 
• Main ArH+ destruction reaction:  
 
  ArH+ + H2 → Ar + H3
+  
   
38ArH+ 
Up to 800 
averages 
36ArH+ 
Up to 200 
averages 
Fig.4 36ArH+ and 38ArH+ lines  
Fig.2 Relative ion distributions as a function of the H2 fraction for 8 Pa 
Table 2 Mass-independent Dunham 
Coefficients for ArH+ 
• 367 experimental weighted data. 
• Assigned all the charge to the Ar nucleus in µ. 
• With our 19 new data σ decreases  from 52.5 
to 50.7 MHz (σw decreases from 0.72 to 0.71). 
• From the line-widths (0.006 cm-1): Tkin  Trot = 390 10 K  
• From the line-strengths: [40ArH+]  4 x 1010 cm-3 
• From the ratio of intensities in v=1-0 and v=2-1: Tvib  580 K 
